Abstract. As a natural anti-buckling component, corrugated steel shear wall is adopted to increase the lateral stiffness of steel frames. Taking a 6-story office building as an example, a design method for corrugated steel shear wall was produced based on the shear strength design theory of steel members. In which, the layout orientation of the corrugated steel plate, waveform selection, plate thickness, joints and connections strength were considered. The results indicate that the design method is feasible, effective, and have a good connection port with current codes.
Introduction
Steel plate shear wall(SPSW) is a widely used lateral force resistance system. However, it is prone to buckle out of plane, and its lateral stiffness drops sharply after elastic buckling. Therefore, stiffened steel shear walls and composite steel plate shear walls are produced by Alinia and Shafaei respectively [1] [2] to delay the buckling of steel plates, thus, the buckling of SPSW can be restrained to a certain degree. The corrugated steel plate is quailed as shear walls in steel frame for its large initial stiffness and shear yield strength. It can reduce the out-of-plane deformation of shear walls and improve lateral stiffness of steel frames. In 2004, using steel plates as shear walls was firstly proposed by Hossain and Wright [3] . The buckling performance of corrugated steel shear walls(CSSWs) was then studied by Li Feng et al [4] [5] . In 2005, Berman and Bruneau [6] found that the oblique arrangement of corrugated steel plates had an impact on the hysteretic behavior of CSSWs. The results of Zhu Wei [7] indicated that the shear wall has the best lateral resistant performance when corrugations placed horizontally.
In summary, scholars around the world have studied the buckling performance and arrangement of CSSWs, while few design methods being applied in engineering was proposed. The design method of the traditional SPSW is optimized in this paper, and a set of systematic design method of the CSSWs is proposed.
SCSW design method
Taking a 6-story office building as a prototype, a steel frame-corrugated steel shear walls was designed (Fig. 1) . The height of the model is 3.6 meters and the distance between columns is 6 meters. The surrounding frame structure only bears the vertical load of the office building.
The frame beams and columns are all I-shaped sections and rigid connection is used in the model. To avoid effects of the tension field of steel plates on the frame, both sides of the corrugated steel plates are separated from the columns. The upper and lower edges of the corrugated steel plates are connected to the frame girder by connection plates, and those connection plates are welded to the corrugated steel plate and the frame girder by fillet welds.
Corrugations and Waveform

Fig.1 Model of CSSW
The lateral stiffness of corrugated steel sheet is affected by the settle direction of corrugated steel plate. It is known [7] that the corrugated steel plate has the highest lateral stiffness when placed horizontally. Therefore, horizontal placement should be the optimal option in practice.
There are three kinds of waveforms of corrugated steel plate: triangular, sine and trapezoidal. Owing to the acute angle of connection, the triangular waveform generate stress concentration easily. While the sinusoidal waveform avoids stress concentration with highly cost. Therefore, the trapezoid sections selected in this design. According to the experimental researches on the bearing capacity of different waveform of corrugated steel plates [8] , the bearing capacity is desirable when wavelength q varies 50~300mm, the wave height d varies 30~100mm, the length ratio between the horizontal section and the oblique section a/c varies 1~2, the ratio of the developed length of wavelength S and the wavelength q varies 1.1~1.4, the angle θ varies 30˚~ 60˚. The recommended waveform in Appendix A of Technical Specifications for Corrugated Web Steel Structure [9] is adopted. This waveform has a high shear yield strength which can prevent the premature shear buckling. A horizontal honeycomb corrugated steel plate was formed by two parallel-connected trapezoidal corrugated steel plates with the specific dimensions (Fig. 2) . Its specific size is a=70mm, b=d=50mm, θ=45˚, c=70.71mm.
Fig. 2 Corrugated Plate Geometric Parameter
To ensure the sufficient initial stiffness of CSSWs, high-strength steel is used for the edge frame. And low-yielding and high-ductility steel is used for the corrugated steel plate. Therefore, Q345 steel is applied for outer frame and Q235 steel for corrugated steel plates.
Plate Thickness
The corrugated steel plate thickness is the key point in the design of CSSW's design. The bending inertia moment of plates increases when the plates bent. which equals to the increasing of plate thickness due to the change of the sectional shape. According the shear capacity of corrugated steel plate [10] , the shear bearing capacity (e•τ•l•t) of corrugated steel plate should be bigger than the horizontal seismic force (γRVi). As follows:
Where, Ab ---the section area of the corrugated steel plate per-wavelength (flake shaded area in Fig. 3) ; A0 ---the section area of the flat steel plate per-wavelength (diagonal shade area in Fig. 3) ; τ ---the shear stress of the CSSW, τy=fy/√3; fy ---the tensile strength design value of the steel; γR ---the seismic partial coefficient, γR =1.2; Vi ---the i-th floor shear force.
The formula for minimum thickness of the corrugated steel plate is: Fig. 3 Bearing Area Ratio(e) Per-wavelength
The formula for buckling strength of CSSWs is:
Where:
Kl---the local buckling impact factor, Kl=5.34 E---the elastic modulus,
Taking the local buckling of corrugated steel plates as the limit state, the maximum thickness of the corrugated steel plate is decided by the buckling of the corrugated steel plate. The formula for maximum thickness of the corrugated steel plate is:
According to equations above, the thickness of the corrugated steel plate can be obtained:
Therefore, the thickness of the corrugated steel plate is listed in Table 1 . According to the Table 1 , the thickness of the model single-layer corrugated steel plate is 1 mm. 
Components Connection
In order to facilitate construction and decrease the damage to components, welding connections are used in the design. The edges of the corrugated steel plate are welded to one flange of equal-leg angle steels, and the other leg are welded to the flanges of the frame. Both welds are right-angled fillet welds and the E50 type electrode. According to the specification, the fillet size hf for fillet welds must not be less than 1.5 times of the thickness of the thicker weld. There are two kinds of right-angle fillet welds: positive fillet welds and lateral fillet welds. According to the Steel Structure Design Code [11] (GB50017-2017) , weld strength is checked as follow:
Normal 
Conclusions
A design method of CSSWs is produced based on the shear strength of steel members. In which, the layout orientation of the corrugated steel plate, waveform selection, plate thickness, joints and connections strength are considered.
A simplified formula for the thickness of corrugated steel plates is proposed, which is controlled by bearing area ratio and the maximum of the horizontal and oblique wavelength.
The bearing capacity and shear strength of CSSW model produced meet the current codes. The model has a good seismic performance, which proved that the design scheme was reasonable.
